A new synthetic strategy, involving utilization of a tethered intramolecular reaction with a removable tether, was demonstrated by the intramolecular cyanoboration/retro-allylation sequence.
Silicon-and boron-tethered intramolecular reactions are attractive methods for the synthesis of organic molecules that are not easily accessible directly via the corresponding intermolecular reactions. 1, 2, 3 Attractive features of the intramolecular reaction involve high reaction efficiency, regioselectivity, and stereoselectivity. On the other hand, a major drawback of the intramolecular reactions is the need for the tethering groups, which significantly limit the variation of the substrate scope. It seems to be highly desirable to remove and convert the tethering group into other functional groups after the intramolecular cyclization step.
We expected that the removal and conversion of the tethering group would be possible by palladiumcatalyzed retro-allylation, in which allylic C-C bonds in homoallylic alcohols are cleaved and converted into other C-C bonds. 4 Because many silicon-and borontethered reactions are designed for homopropargylic alcohol-derived substrates, 3g,5 the retro-allylation would work well. Herein we demonstrate the strategy in palladium-catalyzed intramolecular cyanoboration, which allows the addition of boryl and cyano groups to alkynes. 6 , 7 The Suzuki-Miyaura coupling of the cyanoboration products II followed by retro-allylative coupling allows the synthesis of highly substituted α,β-unsaturated nitriles IV, in which no tethering group is left (Scheme 1). 
Equation 1
We then examined palladium-catalyzed retro-allylative coupling of 2 with aryl bromides 3. Reaction of cyanosubstituted homoallylic alcohol 2a with 4-bromotoluene (3a) was carried out in the presence of Pd(OAc) 2 (5 mol %), PCy 3 (10 mol %), and Cs 2 CO 3 (1.2 equiv.) (entry 1 in Table 1 ).
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Retro-allylative coupling took place smoothly by heating the reaction mixture at 110 °C, giving alkene 4a in 90% yield after 3 h. It should be noted that the reaction proceeded efficiently even for the homoallylic alcohol bearing the trisubstituted C-C double bond, because the retro-allylation has been found difficult with internal alkenes. 4 It is also noted that the geometry of the double bond isomerized from Z to E (E:Z = 85:15) in the course of the reaction, indicating that the reaction proceeded via a π-allyl palladium intermediate (see below). A small amount of protonated product 5a (9%) was formed along with 4a.
As reported recently, 4b PCy 3 was found to be the most effective ligand for the reaction of 2a with 3a (entry 1). Slower reaction rate or formation of a significant amount of 5a was observed with PCy 2 Ph, PCyPh 2 , and PPh 3 (entries 2-4). The reaction was also catalyzed well by electron-donating P(4-MeOC 6 H 4 ) 3 , whereas the reaction rate was reduced by the use of electron-deficient P(4-CF 3 C 6 H 4 ) 3 (entries 5 and 6). It is interesting to note that phosphite ligands tended to promote protonative retroallylation (entries 7 and 8). Alkene 5a was selectively obtained by a palladium catalyst bearing P(OPh) 3 (entry 8). The protonative retro-allylation took place with a Pd/P(OPh) 3 catalyst even in the absence of aryl halides, giving 5a in 89% yield (entry 9). When bulky aryl bromide was used, in the coupling reaction, we observed different effects on the phosphine ligands on reaction selectivity. Thus, retro-allylative coupling of 2a with sterically hindered 2,6-dimethylbromobenzene (3b) afforded 4b in only 19% yield along with major formation of 5a under the conditions using PCy 3 (entry 1 in Table 2 ). Improvement of the reaction yield was achieved by the use of Pd/PCyPh 2 or PPh 3 catalysts, with which 4b was obtained in good yields (entries 3 and 4). Retro-allylative coupling of 2a-c with various aryl bromides 3 was then examined ( Table 3 ). The coupling with bromobenzene (3c) and para-substituted bromobenzene 3a and 3d-f were carried out in the presence of Pd/PCy 3 catalyst (entries 1-4, 7, and 9).
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These reactions were completed within 4-10 h, and the corresponding 4 was isolated in 61-77% yields. The results indicate that the electronic property of the aryl groups (R 4 and R 5 ) did not affect the reaction. On the other hand, coupling reactions with bulky aryl bromide 3b, 3g, and 3h also gave the coupling product in high yields for 7-15 h in the presence of the Pd/PPh 3 catalyst (entries 5, 6, 8, and 10). Homoallylic alcohols 6 bearing a tetrasubstituted double bond were subjected to retro-allylative coupling with 3a in the presence of Pd/PCy 3 catalyst (Equation 2). The reaction of 6a (R 3 = Ph) completed in 6 h and gave desired product 7a in 30% yield along with a significant 
Equation 2
Homoallylic alcohols 2 and 6 were also subjected to the Pd/P(OPh) 3 catalyst system that promotes the protonative retro-allylation (Table 4) . 10 The reactions of 2b, 2c, and 6a took place at 110 °C within 2 h to give crotononitrile derivatives 5b, 5c, and 8a in good to high yields (entries 1-3). Although a slow reaction rate was observed for the reaction of 6b, 8b was finally isolated in 97% yield after 42 h (entry 4). It should be noted that the palladium-catalyzed retro-allylative coupling described above and protonative retro-allylation worked effectively for the homoallylic alcohols bearing a tetrasubstituted double bond (Equation 2 and entries 3 and 4 in The present retro-allylative coupling reaction is remarkable in that a substituted C=C bond including tetrasubstituted alkene is involved. To understand the high reactivity of the present retro-allylation, we examined the reaction of 9 (Equation 3). Homoallylic alcohol 9, which does not have the aryl groups on the double bond, was subjected to the retro-allylative coupling with 3b in the presence of the Pd/PPh 3 catalyst (Equation 3). The reaction proceeded smoothly to afford alkenes 10 in 69% yield, in contrast to the poor reactivity of internal disubstituted alkenes such as the (E)-pent-3-en-1-ol derivatives observed previously. 4 This result clearly indicates that the cyano group enhances the reactivity of homoallylic alcohol in palladium-catalyzed retro-allylation. The possible reaction mechanism for the retro-allylative coupling is shown in Scheme 2. Oxidative addition of Ar 1 -Br to Pd(0) followed by the substitution of the halogen atom on Pd with the alkoxide gives intermediate T. Retro-allylation of T provides σ-allylpalladium complex U, which isomerizes to π-allylpalladium complex V. Following reductive elimination affords product W with regeneration of Pd(0). The cyano group may decrease the rate of reductive elimination from U, leading to V via σ-π isomerization that is not involved in the retro-allylation of cyano-free homoallylic alcohols. In summary, we have established a synthetic transformation of intramolecular cyanoboration products via C-C bond formation by Suzuki-Miyaura coupling followed by palladium-catalyzed retro-allylation. Efficient removal of a tethering group used in intramolecular cyanoboration was achieved through retro-allylation. Our new strategy, which utilizes "intramolecular reaction with removable tether", allows collecting advantages of both the intra-and intermolecular reactions such as high reaction efficiency, selectivity, and wide reaction scope. Table 1 and Table 4 
